Hypertension is associated with cognitive decline in elderly persons. We studied asymptomatic hypertensive subjects using brain magnetic resonance (MR) spectroscopy to evaluate metabolite impairments before the appearance of symptoms in patients with different treatment outcomes. In all, 14 healthy controls and 37 asymptomatic hypertensive patients (17 controlled and 20 resistant) underwent brain structural MR and MR spectroscopy of the posterior paralimbic (PPL) area and left frontal white matter. Ischemic burden (IB), global cortical atrophy and microbleeds were analyzed with visual scales. Metabolite ratios involving N-acetyl-aspartate (NAA), creatine (Cr), choline (Cho) and myoinositol (mI) were computed. Ultrasound measurements, including intima-media thickness, plaques and hemodynamic ratios, were obtained. Intergroup differences in IB, atrophy and metabolite ratios, and the atrophy and IB relationship were assessed with parametric and nonparametric statistical tests. In addition, the impacts of demographic, analytic and clinical factors, ischemia and atrophy, and ultrasound measurements on metabolite ratios were assessed. The significance level was set at Pp0.05. Higher atrophy scores presented with higher total or frontal IB (Po0.05). However, there was no intergroup difference in atrophy and IB. PPL mI/Cr was increased in resistant hypertension (Po0.021), whereas frontal NAA/Cr (Po0.007) showed opposite trends between controlled (increased ratios) and resistant (decreased ratios) hypertension. Unlike PPL mI/Cr, frontal NAA/Cr showed significant correlations with the lipid profile and ultrasound measurements. PPL mI/Cr increases in resistant hypertension, and frontal NAA/Cr diverges between controlled and resistant hypertension before physical and neuropsychological symptoms appear.
INTRODUCTION
Cognitive impairment and hypertension are highly prevalent in the elderly. 1, 2 The relationship between hypertension and cognition is controversial. The majority of longitudinal studies suggest an association between high blood pressure (BP) and cognitive decline. 3 Nevertheless, although antihypertensive treatment has proven beneficial in preventing cardiac disease and stroke, it is not clear that it prevents cognitive impairment. This may be due to the effects of antihypertensive treatments on cerebral perfusion, especially in patients with significant small-vessel disease. 3 A recent systematic review shows that there is no evidence that lowering BP lowers the risk of or prevents dementia or cognitive decline in hypertensive patients with no apparent previous cerebrovascular disease. 2 As cognitive impairment related to vascular disease is not readily identified by the commonly used neuropsychological measures, 3 it is necessary to search for other surrogate biomarkers that could identify preclinical changes in hypertension and the effects of antihypertensive treatment. Magnetic resonance spectroscopy (MRS) is a widely available imaging technique that has increasingly shown effectiveness in assessing dementia, even in its early stages. 4 However, only a few studies have focused on the effects of hypertension on brain metabolites. Consequently, our purpose was to investigate, through conventional MRS, hypertension-related changes in brain metabolite ratios in asymptomatic patients and to determine the differences depending on the level of success of BP control.
METHODS

Sample size calculation
To estimate an appropriate sample size, we first assumed that the proportion of control cases would be substantially smaller than the fraction of hypertensive patients, considering the amount of clinical, analytical, neuropsychological and imaging examinations that patients were expected to undergo. Accordingly, a 2.5:1 patients/controls ratio was established. Increases in MRS myoinositol (mI)/creatine (Cr) ratio have been reported in pre-dementia and in the very early stages of Alzheimer's disease, 4 as well as in asymptomatic hypertension. 5 We took into account the mean and s.d. (0.56 ± 0.04) of the control group ratio reported in this paper 5 and a mI/Cr s. d. measurement of 0.036 found after a pilot random assessment involving 15 hypertensive patients from our sample. Assuming 5 and 20% a and b errors, respectively, 14 control subjects and 35 hypertensive patients were estimated to be adequate to obtain a 0.036 deviation difference between normotensive and hypertensive subjects. The analysis was carried out with GRANMO 5.2 software for Windows (Institut Municipal d'Investigació Médica, Barcelona, Spain). 6 
Patients
The study was conducted within an institutionally financed project and approved by the institutional review committee. A total of 54 patients were recruited consecutively by a convenience sampling of hypertensive subjects under treatment in the Vascular Risk Control Unit (VRCU) of the Department of Internal Medicine, provided they were asymptomatic and diagnosed with either controlled or resistant hypertension, depending on the medical treatment outcome. On the basis of the medical records of the VRCU, all subjects had been previously diagnosed with hypertension, with hypertension defined as a systolic or diastolic BP constantly 4140 or 490 mm Hg, respectively, or both, with or without the use of BP-lowering drugs. Furthermore, hypertension was classified as 'controlled' when successfully managed with three or fewer drugs, with no difference in the type of drugs used in each group. Hypertension was considered to be 'resistant' when a combination of more than three drugs was required for control (hard-control hypertension) or remaining uncontrolled even with the use of five or more drugs, after excluding those with poor adherence to treatment and the white-coat effect. 7 Furthermore, at the time of the imaging study, BP was measured with a sphygmomanometer with the patient in a sitting position after 5 min of rest. The first and the fourth Korotkoff sounds were used for the systolic and diastolic BP measurements, respectively. Values were measured twice in succession, taking the second value for further analysis in this study. A control group of 20 normotensive, asymptomatic subjects was recruited from among healthy relatives. Both patients and control subjects were considered asymptomatic when no previous neurological signs and symptoms were reported, when they or their relatives did not report symptoms of cognitive impairment and when coexisting diseases were ruled out. All subjects were then referred to and interviewed in the Regional Unit for Dementia, where cognitive performance was assessed by administering the validated Spanish version of the Mini-Mental State Examination, adjusted for age and education (a-MMSE), 8, 9 and a complete neuropsychological battery. Dementia was ruled out according to the criteria of the Diagnostic and Statistical Manual of Mental Disorders, fourth edition (DSM-IV). 10 Given that mild cognitive impairment can confound metabolite measurements, we excluded subjects (6 normotensive, 17 hypertensive) with a-MMSE scores o25, in accordance with the recommendations of the International Working Group on Mild Cognitive Impairment, 8, 9, 11 even when cognition had not been reported as impaired in the patients' VRCU charts. Major psychiatric and metabolic diseases leading to dementia were also ruled out with an exhaustive clinical and analytic study. The final sample consisted of 14 normotensive and 37 hypertensive (17 controlled, 20 resistant) patients. All participants gave written informed consent.
Data acquisition and imaging assessment
Structural magnetic resonance imaging (MRI) was used both to insert the MRS voxels and for the analysis of hypertension-related brain ischemia, atrophy and microbleeding. The protocol consisted of (1) a sagittal three-dimensional spoiled gradient-recall T1-weighted (SPGR-T1W) sequence (TR 30 ms, TE 6 ms, flip angle 451, thickness 1.3 mm). Symmetry was assured with three orthogonal scout fast T1-weighted sequences; (2) an axial double-echo long TR FSE sequence (TR 3000 ms, TE 25/90 ms, thickness 5.0 mm); and (3) an axial T2-weighted gradientecho sequence (TR 600 ms, TE 15 ms, flip angle 201, thickness 5.0 mm), with both axial sequences parallel to the inferior callosal plane.
A single rater (JMGS), a neuroradiologist with 20 years of experience, assessed all images at a separate workstation, blinded to the clinical information. Ischemic burden (IB) was evaluated in the double-echo sequence.
Following a simple scale, 12 supratentorial age-related white matter (ARWM) changes were classified in one of four severity levels ( Figure 1 ): 0, no ischemic lesions; 1, punctate lesions (focal lesions o10 mm in size, or groups of lesions o20 mm in diameter); 2, beginning confluent lesions (focal lesions 10-20 mm in diameter, or group of lesions 420 mm in diameter); and 3, confluent lesions (single lesions or confluent areas of hyperintensity 420 mm in diameter), in the frontal, parieto-occipital and temporal lobes. In the basal ganglia, IB was classified in four severity levels (0, no ischemic lesions; 1, one lesion 45 mm; 2, two or more lesions 45 mm; and 3, confluent lesions). All lobar ischemic scores plus the basal ganglia ischemic scores plus the posterior fossa score (same scale as supratentorial white matter) made up the total IB, for a maximum score of 27.
Global cortical atrophy analysis was carried out with a reported simple scale. 13 Atrophy scoring was mainly carried out by means of 3-mm thickness, reformatted, axial SPGR-T1W images, although they were interactively assessed with sagittal and coronal reconstructions. Each subject was assigned to one of the four global severity steps according to the Pasquier scale (0, no atrophy; 1, some atrophy; 2, substantial atrophy; and 3, end-stage atrophy) (Figure 1) . The presence or absence of brain microbleeds was assessed in gradient-echo T2W images. A positive diagnosis was considered when very hypointense, round, parenchymal foci 42 mm and o10 mm were identified ( Figure 1 ). 14 When appropriate, confounding flow voids were distinguished using the axial, double-echo, long TR FSE images for comparison.
Magnetic resonance spectroscopy was performed in a standard MRI system with a standard quadrature head coil for both transmission and reception of the MR signal and an automated single-voxel proton MRS commercial package (PROBE/SV; MRI LX 1.5T, GE Medical Systems, Milwaukee, WI, USA). The cingulate gyri and inferior precunei (posterior paralimbic, PPL) have shown frequent metabolite imbalances in patients with cognitive impairment and, at the same time, have shown higher magnetic field homogeneity, providing better diagnostic accuracy than other brain areas. 15 On the other hand, hypertension is associated with higher frontal IB. 16 Accordingly, a point-resolved spectroscopy sequence (TR/TE 1500/35 ms; 2048 data points, 128 averages) was carried out with 2Â2Â2 cm voxels, placed (1) in the mid-sagittal SPGR-T1W image, covering both PPL, and (2) in an axial FSE intermediate-weighted image covering the white matter of the left frontal lobe (Figure 2 ). The prescan algorithm of PROBE automatically adjusted the transmitter and receiver gains and center frequency. The local magnetic field homogeneity was optimized with the three-plane auto-shim procedure, and the flip angle of the third water-suppression pulse was adjusted for chemical-shift water suppression (CHESS) before PRESS acquisition. N-acetyl-aspartate (NAA), mI, Cr and choline (Cho) peak resonances were automatically integrated and quantitative values were obtained. From these values, metabolite intensity ratios, NAA/Cr, Cho/Cr, NAA/Cho, mI/Cr and NAA/mI, were calculated. As MRS measurements, especially mI ratios, are easily distorted by subject movement and physiological motion, 17 Cr signal-to-noise ratio (SNR) was also automatically measured in each case to support the consistency of those measurements.
Carotid Doppler ultrasonography was carried out by two neuroradiologists (JMGS, STR) with 20 and 9 years of experience, respectively, using the same protocol and ultrasound equipment (Esaote Technos MPX, Genoa, Italy). Two intima-media thickness measurements were carried out at the distant wall of each common carotid artery, one at the mid-third of the artery and the other just proximal to the carotid division, always at the widest point of the wall ( Figure 3 ). The two measurements were averaged to give an overall thickness. The presence of carotid plaques was reported and classified as mainly soft or mainly calcified when soft or calcium components, respectively, were undoubtedly dominant from a visual point of view ( Figure 3 ). When both types of plaques appeared in the same patient, it was classified as a mixture of plaques. Doubtful cases were decided by consensus between the two raters. Peak systolic and diastolic velocities were obtained in the common carotid artery, close to the carotid division, and in the internal carotid artery, immediately distal to the carotid bulb or at the level of a plaque-related lumen stenosis ( Figure 3) , with the Doppler box in the middle of the arterial lumen, always with the same size and at an angle of 601. Systolic and diastolic internal carotid artery to common carotid artery ratios were automatically calculated and were used for analysis.
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Statistical analysis
Reliability assessment. For visual assessment of IB and atrophy, the observer had been previously certified for visual rating of aging and dementia by the Image Analysis Center (IAC), Vrije Universiteit Medical Center (Amsterdam, The Netherlands). Accordingly, the inter-rater variability was determined by comparing the score of the rater with the IAC gold standard with the following weighted k-values acceptable for the IAC standards: (1) ARWM scale, IAC kX0.85; (2) global cortical atrophy, IAC kX0.70. The inter-rater variability for detection of microbleeds was analyzed by comparing the assessments of the main observer and a second rater (STR) in a random group of 25 subjects within the sample. Intra-rater reliability was evaluated by scoring global cortical atrophy, IB and microbleeds twice in the same group. The two raters also carried out a measurement of intima-media thickness at the distal third of both common carotid arteries two times in a sample of eleven consecutive patients. Inter-and intra-rater agreements for microbleeds and intima-media thickness measurements and intra-rater agreement for atrophy and IB were assessed with Cohen's k and intra-class correlation coefficients for qualitative and quantitative variables, respectively, with 95% confidence intervals (CIs). The analysis was carried out with the EPIDAT 3.1 software for Windows (Servicio de Informació n sobre Saú de Pú blica de la Direcció n Xeral de Saú de Pú blica de la Consellería de Sanidade (Xunta de Galicia), Santiago de Compostela, Spain).
Data analysis. Intergroup differences: All variables were expressed as means and s.d., and categorical variables were also classified in proportions. First, clinical, analytical, demographic and imaging data (ultrasound measurements, Cr SNR, metabolite ratios, total and frontal IB, microbleeds, and atrophy scores) were compared among the three clinical groups. For atrophy analysis, cutoff scores of 0, 1 and X2 were used. As the IB was low, a cutoff score of 3 (p3 or 43) was established for total IB, and 0-1, 2 and X2 scores for frontal IB. Metabolite changes depending on demographic, clinical, analytic, ultrasound and structural imaging features: As hypertension is associated with higher total and frontal ischemia, 16 more atrophy 18 and microbleeds, 14 we also analyzed their impact on metabolite ratios. For this purpose, we assessed the differences in ratio measurements between groups of white matter disease (total and frontal) and atrophy using the same cutoff scores as before. Correlations linking metabolite ratios on one hand and atrophy, IB, ultrasound measurements, systolic and diastolic BPs, clinical and analytical data and a-MMSE score on the other were also analyzed. The influences of sex, age (both dichotomized by the median of p67 years and considered as a continuous variable) and duration of disease (both dichotomized by the median of p8 years and considered as a continuous variable) were also analyzed. All assessments were carried out for metabolite ratios showing intergroup differences in the first analysis.
After the Kolmogorov-Smirnov test, continuous variables considered to be dependent were evaluated either with a two-tailed Student's t-test and one-factor analysis of variance test or Mann-Whitney and Kruskal-Wallis test, depending on sample distribution. Multiple comparisons were carried out by Bonferroni correction. Categorical frequency distributions were compared with the w 2 Pearson's test, w 2 -test of lineal trend or Fisher's exact test depending on the variables tested and proportions. Relationship assessments were carried out with the Pearson's correlation coefficient. Statistical significance was set at Pp0.05. The analysis was carried out with SPSS 15.0 software for Windows (Chicago, IL, USA).
RESULTS
Reliability
Inter-rater reliability for IB and atrophy assessment was satisfactory as the weighted k-values exceeded the acceptable IAC limits both for the ARWM scale (rater k¼0.89) and global cortical atrophy assessment (rater k¼0.78). Inter-rater concordance was substantial for microbleeds detection (k¼0.79, CI 0.50-1.00) and excellent for intimamedia thickness measurements (k¼0.970, CI 0.932-0.987). Intra-rater reliability was excellent for global cortical atrophy (k¼0.82, CI 0.59-1.00), frontal (k¼0.89, CI 0.76-1.00) and global ischemia scores 
Participant characteristics
All groups were similar in age, sex distribution, duration of disease, a-MMSE scores, tobacco consumption, diabetes mellitus and cardiovascular disease (Table 1) . Except for low-density lipoprotein (LDL)-cholesterol, which was higher in resistant hypertension, there were no significant intergroup differences in the lipid profile. Likewise, fibrinogen and homocysteine levels were similar among the three clinical groups. At the time of imaging, mean systolic and diastolic BPs were higher in resistant patients. However, group differences did not reach statistical significance.
Ultrasound, atrophy, microbleeds and IB analysis Ultrasound examination was carried out in all but one patient (controlled). There was no intergroup difference in any of the measurements carried out (Table 1) . Global cortical atrophy and microbleeds were assessed in all participants. Comparisons among the three clinical groups showed similar proportions of subjects with and without microhemorrhages and within each level of atrophy. Cerebral ischemia could be analyzed in all but one patient (resistant), also without significant intergroup differences in the proportions of subjects scoring p3 and 43 for total IB and 0-1, 2 and X2 for frontal IB. When considering the association between total IB and atrophy, the proportion of subjects with total ischemia scores 43 increased significantly as atrophy scores rose. However, frontal ischemia and global cortical atrophy did not show a significant relationship (Figure 4 ).
Metabolite analysis
Intergroup differences. Magnetic resonance spectroscopy was performed in all subjects, but in two patients the frontal spectrum quality was poor and no metabolite ratio could be calculated. Accordingly, the final MRS samples consisted of PPL from 14 normal, 17 controlled and 20 resistant BP subjects, and the frontal lobe from 13 normal, 17 controlled and 19 resistant subjects.
Among all metabolite ratios, only PPL mI/Cr and frontal NAA/Cr showed intergroup differences ( Table 2) . PPL mI/Cr was higher in hypertensive patients and progressively increased from normal BP to uncontrolled patients (Figure 2) . However, the difference was significant only in resistant hypertension. Both hypertensive groups showed significant differences in frontal NAA/Cr. NAA/Cr was higher in controlled patients and lower in resistant subjects. The mean and s.d. of Cr SNR in the PPL was 33.72 ± 6.94, and 16.30 ± 6.41 for the frontal voxel. The two measurements were statistically different (Po0.001). In the PPL, the vast majority of patients (46 of 51) showed SNR values over the cutoff point of 25 established by Okada et al. 17 for this location. All normotensive subjects, 16 of 17 of the controlled hypertensive patients and 16 of 20 of the resistant hypertensive subjects had Cr SNR values exceeding a threshold of 25. When removing mI/Cr values corresponding to the five hypertensive patient under the SNR threshold, resistant hypertension mI/Cr mean moved slightly away from those of normotensive and controlled hypertensive patients.
Metabolite changes depending on demographic, clinical, analytic, ultrasound and structural imaging features. In spite of the metabolite differences among clinical groups, neither systolic nor diastolic BP measurements showed significant correlations with any of the four significant metabolite ratios. PPL mI/Cr and frontal NAA/Cr were similar across the different levels of IB and atrophy. Frontal NAA/Cr showed significant inverse correlations with ultrasound right systolic (P¼0.045) and diastolic ratios (P¼0.041), left intima-media thickness (P¼0.044), total cholesterol levels (P¼0.031) and LDL levels (P¼0.001). Unlike frontal metabolite ratios, PPL mI/Cr did not change or correlate with any of the analytical parameters and ultrasound measurements. Neither PPL mI/Cr nor frontal NAA/Cr showed differences depending on the characteristics of carotid plaques.
Microbleeds, diabetes mellitus, cardiovascular disease, smoking, sex, age, duration of disease and a-MMSE score did not have an impact on any of these ratios.
DISCUSSION
These results show that mI/Cr in the PPL was augmented in subjects with resistant hypertension. However, it remained unrelated to atrophy, IB, ultrasound findings, and demographic, analytic and clinical data. Instead, frontal NAA/Cr proved to be different between the two hypertensive groups, but not between normotensive and hypertensive patients. Moreover, this variable showed relationships with ultrasound parameters and the lipid profile. Owing to the high Cr SNR, the PPL mI/Cr results seem to be highly reliable. 17 Cr SNR was significantly lower in the frontal lobe voxel. However, the effect of the lower SNR on the NAA/Cr variability was smaller than that observed for the mI/Cr ratio, and reproducibility of frontal measurements has been previously found to be consistent. 17, 19 In addition, the SNR means of both voxels in our sample were quite similar to those previously reported for an adequate MRS signal quality (PPL 34.6; frontal 14.0), 20 and the lack of significant differences in PPL and frontal Cr SNR among groups also lends support to the reliability of our results.
Brain MRS studies of hypertension are scarce and their results are variable. The increase in PPL mI/Cr in our series agrees with a previous report showing higher mI/Cr values in the peritrigonal white matter of patients with asymptomatic hypertension. 5 Regarding the changes in frontal NAA/Cr ratio, the ratio drop in our resistant hypertensive patients is in agreement with two recent chemical-shift imaging reports involving the white matter of the centrum semiovale 21 and particular areas in the white and gray matters. 22 These studies showed decreasing NAA concentrations associated with increasing severity of disease 21 and NAA/Cr decreases in the gray matter of hypertensive patients. 22 Contrary to these results, NAA/Cr was not found to differ between treated and untreated hypertensive patients in a recent related study. 23 The different outcomes might be due to the different methods used. In the Hannesdottir et al. 23 study, NAA/Cr ratio was averaged from the ratio values across all voxels measured within a field of view of 22 cm centered in the centrum ovale, including the white and gray matters. In the other studies, the authors carried out either an absolute quantification of white matter metabolites in a similar field of view 21 or metabolite ratio measurements in very specific brain areas (insular cortex, thalami and parieto-occipital peritrigonal white matter), 22 as we did with our single-voxel analysis of the frontal lobe and the PPL. As sensitivity of metabolite ratios to abnormalities has been reported to be less than absolute quantification, 24 the added effects of different quantification methods and differences in the regions of interest possibly accounted for the conflicting results. In this setting, what makes our results more interesting is our observation of a combined imbalance of NAA/Cr and mI/Cr ratios in two different brain areas, with different variation trends. In addition, the originality of these results also dwells in the sample characteristics. Although, in the other quoted papers, comparisons were carried out between groups of normal vs asymptomatic hypertensive patients, 5, 22 symptomatic vs asymptomatic hypertensive patients, 21 or treated vs untreated patients, 23 we focused on the effect of medical treatment by comparing two groups of treated asymptomatic hypertensive patients with opposing outcomes.
Our sample composed of subjects with few microbleeds and with minor ischemic involvement whose global cortical atrophy was significantly higher with higher IB, but without a significant difference in atrophy between hypertensive and normotensive subjects. Moreover, although BP was higher in resistant hypertension, BP measurements were not significantly different among the three clinical groups at the time of imaging. Although the reason for the absence of differences could be, in part, the size of the sample, these results were not surprising considering the characteristics of the selected patients. Thus, the fact that our patients were asymptomatic, free of severe diseases and under intense medical control might have allowed us to reduce the expected effects of brain lesions (IB or atrophy) and other variables, and to better observe the possible effects of hypertension on metabolite measurements depending on whether or not it was controlled with medical treatment. Moreover, NAA depletion could be independent of the level of atrophy. 25 Given that clinical groups did not differ in IB, atrophy, age, sex ratio, duration of disease, diabetes and cardiovascular disease, it seems unlikely that these variables influenced the metabolite imbalances in our patients. However, as periventricular and subcortical white matter lesions are more severe in hypertensive than in normal elderly persons, 26 it is still reasonable to suggest that frontal and PPL metabolic changes could be induced directly or indirectly by white matter disease. Although IB was not different between our normotensive and hypertensive patients, the pattern of change of white matter disease from normotensive to resistant hypertensive patients was quite analogous to the lesion load reported by Hannesdotir et al. 23 In that study, the lesion load proved to be significantly higher in treated relative to untreated hypertensive patients. In our case, differences in IB perhaps failed to be significant because our whole-hypertensive sample composed of patients under treatment. The significant differences we observed in frontal NAA/Cr, being highest in controlled patients and lowest in resistant subjects, resembled the IB patterns in the same groups. However, in our series the NAA/Cr ratio changed with treatment outcome but not with IB. In addition, the increase of NAA/Cr in controlled hypertension points to a favorable outcome of antihypertensive treatment 22, 23 and not to the expected deleterious effect of white matter disease. Therefore, we hypothesize that, beyond white matter disease, frontal NAA/Cr changes could be caused by something else. Increased LDL is a major cause of arteriosclerosis and coronary heart disease, 27 and it was significantly higher in our resistant hypertensive patients. Furthermore, although they did not differ among our three clinical groups, other arteriosclerosis-related parameters, such as right systolic and diastolic carotid ratios, intima-media thickness and total cholesterol, showed inverse significant correlations Figure 4 Relationships between total and frontal ischemia and atrophy scores. Proportions of subjects with total ischemia scores p3 and 43 were significantly different depending on the atrophy score. Unlike patients with no or some atrophy, patients with atrophy scores of 2 also scored higher in brain total ischemia. However, frontal ischemia and global atrophy did not show a significant relationship. TIS, total ischemia score; FIS, frontal ischemia score; GCA, global cortical atrophy; AS, atrophy score. with frontal NAA/Cr, as well as LDL levels. Altogether, the increase of LDL and the negative relationships in resistant hypertensive patients support the hypothesis that changes in brain perfusion related to carotid arteriosclerosis were accountable for the observed frontal NAA/Cr drop in resistant hypertension. On the other hand, it has been suggested that antihypertensive drugs, especially aggressive treatments, could account for an unexpectedly higher volume of leukoaraiosis, 26, 28 probably because of the effects on cerebral perfusion. 3 Accordingly, drug responders could be more sensitive to both beneficial and unwanted treatment effects, which, in the frontal lobes of our controlled hypertensive patients, would be particularly perceptible in the form of NAA/Cr ratio increases, as well as in the trend to a higher IB. The PPL mI/Cr ratio also failed to relate to IB, considering that it was highest in our resistant subjects. In contrast, the highest ischemia scores, although not statistically different, were seen in controlled patients. Moreover, the PPL mI/Cr ratio did not show significant correlations with arteriosclerosis-related ultrasound parameters or the lipid profile that could support a relationship with changes in the brain blood flow similar to that found in frontal NAA/Cr ratio. In the PPL, the mI/Cr ratio increase with an unchanged NAA/Cr ratio reproduces the metabolite pattern of pre-Alzheimer's mild cognitive impairment. 5, 29 Similar to mild cognitive impairment and Alzheimer's disease, 30 perfusion imaging has shown relative cerebral blood flow (rCBF) drops involving the PPL and frontal lobes in asymptomatic hypertension that could contribute to cognitive deficits without imaging evidence of white matter disease. 31 Increasing mI or impaired high-energy metabolism were present in patients with reduced brain perfusion, 32,33 but a PPL mI/Cr increase is also an accepted neurodegenerative marker. 29 Whether rCBF drops represent a direct hypertension flow effect or the results of secondary neurodegeneration is a matter of debate, but our results raise the interesting possibility that both phenomena could explain why frontal NAA/Cr was related to ultrasound parameters and the lipid profile, whereas PPL mI/Cr was not. Unlike many previous reports, 5,21-23 we compared two groups of asymptomatic hypertensive patients with different treatment outcomes, and mI/Cr increased only with failing treatment. Considering that PPL flow defects have been regarded as dementia predictors in mild cognitive impairment, 34 and in view of the present results and previous research, 5, 35 MRS could have a similar role, taking into account that metabolite disturbances emerged before deficits in cognition arose, especially when medical treatment failed. Nevertheless, whether this finding implies that successful medical treatment could delay neurodegeneration should be considered with caution given that, currently, we do not know whether mild cognitive impairment will eventually develop in our resistant hypertensive patients. Furthermore, as reported by Catani et al., 5 we cannot show that mI/Cr imbalances are definitively linked to neurodegeneration in hypertensive patients, nor has lowering BP been shown to prevent cognitive decline. 2 This study has some limitations. First, the median duration of disease was only 8 years. More long-lasting hypertension would have allowed us to further explore its effects on the brain. Second, MRS measurements were carried out with conventional software with a conventional MRI system. Although we did not acquire measurements of absolute concentrations, but instead of metabolite ratios, this is an easy, common way to work in a clinical environment. As a result, our data can be used as an adequate reference in clinical practice. Finally, measurements of ischemia and atrophy were not automated, but were achieved following widely accepted imaging scales for clinical research and were carried out by a single trained observer. As with metabolite measurements, we believe that this method of scoring ischemia and atrophy is currently more applicable in medical practice, providing our results with clinical validity.
In summary, in asymptomatic hypertension, changes in brain metabolites, mainly mI/Cr ratio in the PPL, are similar to those reported in mild cognitive impairment, increase with failing treatment, and can be detected in neuropsychologically unaffected patients with different treatment outcomes. Whether metabolite ratio imbalances are linked to hypertension brain perfusion effects or neurodegeneration, whether successful treatment could decrease hypertensionrelated cognitive impairment, and whether MRS could be a valuable tool to identify subjects at risk must be further investigated with a follow-up of our sample and longitudinal studies.
